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-.PI-AND. J. P.. I. ADLER AND R E. SHERIDAN. Brevetoviin depreise' si'napti tranmniv',iw ink munea pig hippiiiampal
\h~ci BRAIN RES BULLt 31(1/2) 201-207. 1993.-Extracellular recordings wsere obtained from area (At of guinea pig hip-
powampal slices. PbTx-3. a bresetoxin fraction isolated from the red tide dinoflagellate Ptvi'hodi.'iu.% hrevit, was applied b\ bath
perfusion. the toxin produced a concentration-dependent depression of the orlhodromicall\ esoked population spike with an
ECSO of 37.5 nM. Brevetoxin concentrations below 10 nM were without effect, and concentrations above I() nM led to total
inhibition of evoked responses. PbTx-3 did not produce spontaneous synchronous discharges but did induce afterdischarges
following evoked responses in about 50'; of the slices tested, particularl\ at concentrations between 10 nM and 1(WO nM. Or-
thodromicall. evoked responses were more sensitive to PbTx-3 than were those elicited b. antidromic stimulation. High-Ca 2'
solution. 4-aminop~ridine, and tetraethylammonium failed to antagonize either orthodromic or antidromic effects of the toxin.
Although the precise mechanism b\ which PbTx-3 depresses evoked responses is not certain, depolarization of the pres. naptic
nerve terminals leading to failure of transmitter release could explain the toxin's actions. T-his is the first report of the effects of
hresetoxin applied directl\ to central nervous system tissue.

Hippocampal slice Sodium channel Field potential Brevetoxin Flec-'iphysioolox Svnaptic transmissron

BREVETOXINS, neurotoxins isolated from the unarmored persisted for several hours (31). These results suggest that the
marine dinotlagellate Ptychodiscus hrevis. are responsible for antibody does not penetrate the blood-brain barrier: the pro-
red tides along Florida's Gulf Coast (6). They cause massive fish nounced central effects of the toxin are thereby revealed.
kills and are a public health concern due to occasional human In vitro, brevetoxins e -rt several actions on isolated periph-
illness. Inhalation of contaminated seaspray can cause respiratory eral neuromuscular preparations that provide clues to their cel-
distress, and neurotoxic shellfish poisoning can result from con- lular mechanism of action. At frog and rat neuromuscular junc-
sumption of shellfish which have ingested P. brevis (7). Breve- tions the toxins depolarize muscle membranes and increase
toxins are complex polycyclic ethers with high lipid solubility: miniature endplate potential (MEPP) frequency (5.11.14.28,35).
at least eight active toxins. designated PbTx- I through PbTx-8, Both effects are blocked by tetrodotoxin (5.28.35). and low-Ca 2'
have been isolated from P hrevis cultures (20). The toxins in- solutions block the increased MEPP frequency (5). A variety of
corporate one of two hydrocarbon backbones designated types related brevetoxin actions have been observed in the rat phrenic
I and 2. whose structures have been determined (16,27). nerve-hemidiaphragm preparation. i-irst. muscle twitch elicited

Brevetoxins exert a variety of actions in vivo. Fish poisoned by stimulation of the phrenic iterve was blocked by brevetoxin
with the toxins exhibit violent, uncoordinated movements, con- at concentrations lower than those required to block the twitch
vulsions, paralysis. and respiratory failure. In mice, symptoms elicited by direct muscle stimulation (8,11,14). Second, the
consist of irritability, hindquarter paralysis, and respiratory im- evoked endplate potential (EPP) failed abruptly in the presence
pairment (6). Physiological effects include both central and pe- of toxin, without first displaying any graded decrement (11,14).
ripheral components. Respiration and cardiovascular function Third. disappearance of the compound action potential in the
are severely depressed (6.9.10,13.21). Spontaneous muscular phrenic nerve paralleled the loss of the EPP and the indirect
contractions are manifested as fasciculations, twitching, leaping, twitch ( I I). At higher concentrations, the toxin blocked directly
and. at high doses. somatomotor seizures (7,9.10,21). A recently elicited muscle action potentials (II). decreased muscle mem-
developed antibrevetoxin antibody relieved peripheral symptoms brane input resistance (25). and depolarized the resting mem-
of brevetoxin intoxication within minutes, but neurological signs brane (11.14,28). In a more recent study (33) of mouse motor

Opinions or assertions contained herein are the private views of the authors and are not to be construed as official or as reflecting the views of the
Army or the Department of Defense.
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ncrse terminals. iiano~molar c nc~entrat'onsi ofPbI x-2 increased "are IAxon Instruments. Inc.). E(',, values were calculated using
sodium and potassium currents. Micromolar concentrations of, (raphPAl) InPiot (GraphPAI) Soltwarci l' nonlinear regression
the toxin decreaswcd sodium. potassium. and calcium currents. analssis ofthe percent block oIf P2 population spike amplitude

I[he present studv \&as undertaken to investigate the effeocts versus log concentration of the toxin.
otbresetostns in the central nervous ssstem ((NS) in vitro. I he
hippocampal slice "sas chosen tor this study because somato- Rt St ItIs
mnotorwsiturcs hase been reported during brevetoxin intoxication hIei lBeeomo rhdouahL(AdRsoe
1 0 iand the hippocampus has been implicated in initiation and L/ui lB'iIosnotOhdr i /v1:iAdRc'si

propagation of' seiiures (30). Wke hase applied Pb lx-l. which Onthodromically evoked field potentials fromt a typical es-
has the more stable t~pe I structure (0). to hippocampal slices pertinent under control conditions are shown in Fig. IA. Su-
and demonstrated that the toxin depresses electricalls evoked perfusion of this slice swith ACSF containing PbTs-3i IM1X nM)
responses in CA\ I po ramidal cells. These results have been pre- produced characteristic changes in electnicall\ esoked responses.
wrnted] pre% iouslv in abstract form (3). Exposure to toxin caused h~perexcriabilit% to develop in about

50'; of the slices. Hsperexcitabilitv was revealed bN additional
'vt I 11)10D population spikes. which Aere more often present in [P2 (Fig.

I B). With continued Pbi x-3 exposure. orthodromicalIs esoked
.ic Prepri7atcIiil LOWi .Sii'r1110oioii0t responses ssere progressisely depressed. ex.entualls becoming

Male guinea pigs (( titi pjsrcdllio(. 2S0-3(g)( g, were main- blocked at toxin concentrations -(I) nM (Fig. IWand [)(. Onset
tamned under an AAAI.A( accredited animal care and use pro- of the toxin effect was slow. reqluiring 14-60 min ito develop
gram Standard techniqucs for slice preparation and recording fullN. Washout was even slower. requiring nearly 3 h fI-r full
basec been described pre\siouslv (4.17). Briefl%, guinea pigs where recL)%er\ of' the evoked response (Fig. IF). FEffrets of Pbl x-3
decplý anesthetii/ed with isoflurane and decapitated: the brains were concentration dependent, in that h~perexcriability was more

v~rc remnosed and the hippocampi wsere dissected free. Trans- likely to develop in lower (10-I(X nM) toxin concentrations.
%crse slices of hippocampus. 4MX mcm thick, were cut with a tissue
chopper Slices were placed in an incubation chamber 1 17) and
maintained at room temperature in o\xgcnated artificial cere- A Control B 100 OM P5t)-3 (7 min)
hi ospinal fluid ( A(SF( (or at least I h before recordings were
performed. I he recording chamber was based on a design de-
scribed pre\siousl\ ((17) [xperiments swere performned on 55 slices
from 40 animalS! one ito three slices were used per animal.

I he standard VCSF contained (in iMkl NaCI 12-4. KCI 5.
%MgSO, 2. C(aCI 2. NaF] PO, 1.25. NatiCO, 26. glucose 10,.
ci~uulp),ýjjcd ,us q . 0_4; "( n[I 7.4. Hfigh-K' and high-
Ca- solution,, %%ere made b\ uncompensated addition of' KCI
and (a~l . rcspectisel%. to ýicld the indicated concentrations
in nodihhed ,\CSFs. ITetraethy lamrnr,,nium (TLA' (chloride. 4- C 100 flM PbTx-3 (17 min) D 100 nM PbTx-3 [25 minI
amninop\ridine (4-AP(. and N-methyl-D-aspartate (N MDA (were
purchased from Sigma Chemical Companý and isoflurane from
.\naquest. Purified Pbi x-3 ssas obtained from the U1.S. Armv
Medical Research Institute for Infectious Diseases (Ft. Detrick,
M[). [he toxin wsas dissolved in a 1: 1:8 mixture of chloroform:
mcthanol:ethanol and stored at -4WC. Aliquots of the stock
solution wvere added directly to A('SF to give working toxin
sjolutions. The total concentration of organic solvents was less
than 0.0(3 (s /s (. [qui\ alent concentrations of vehicle alone E Wash (t5 min) F Wash (160 min)
had no measurable effect on the slices, A~gents were bath-applied.
alone or in combinations. Slices were totally immersed and con-
tinuousl\ superfused with oxygenated ACSF at 32'C._____________

Re'iordmiiý an7(1.SýIiului/tion m

A low-re~sistance ( 1-4 MU) glass microelectrode filled with
\( 51 was placed in the CA I pyramidal cell layer for extracellular 5 so

recording of neuronal activitv in response to both orthodromic FIG. 1. Brevetoxin !Pb~x-3( depressed orthodromic extracellular field
and antidromic stimulation. Orthodromic electrical stimulation potentials ([PsI recorded from the p~ ramidal cell body laser of area CAtI
%as presented to Schaffer collaterals and commissural fibers with of a hippocampal slice in a typical experiment. Similar results were oh-
a monopolar tungsten electrode placed in stratum radiatumn. tamned in 23 additional slices. Paired pulses were presented. 7(1 ms apart.
Antidromic responses were evoked by stimulation of the alveus esery 4 s. (A) Normal artificial cerebrospinal fluid (ACSF( control. (B)
with a concentric bipolar electrode. Supramaximal paired pulses. A 7-min expsmsure to ((0 nM PbJ x-3 caused increased excitabilit,,. The

70ns apart and I10 jus in duration, were presented everv 4 s. hivperexcitabiliiv wsrevealed bs additionalpuatosik. rie
elictin th fist FPI an seondIFP( feldpotntils.The ular(N in FP2. This phenomenon 'occurred with greater regularity at lowerelictin thefirt (P Ifandsecod (P2)fiel poentils.The concentrations of toxin. (C0 A I 7-mmn exposure to, toxin caused d Iepr ession

paired-pulse paradigm revealed frequency potentiation of FP2 of the evoked responses~. The [P2 population spike was depr-ssed bv
in response to orthodromic stimulation In control slices: FP2 50"7 . (D) After a 25-mmn exposure, the responses were almost completel%
was also more sensitive to drug treatments. Field potentials were blocked. (F.) No recosers was seen after washing with normal ACSF for
digiti/ed and stored on a personal computer using pClamp soft- 15 min. IF-I Responses recovered completely after a 160-mmn wash.
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Depression ofresponses also developed more rapidly. and "ash- ORTHODROMIC ANTIDROMIC
out was slower, at higher Pb x-3 concentrations I Fig. 5).

[he concentration-response relationship for depression of the A Contro B controa
orthodromicallt esoked FP2 population spike bk Pblx-3 is
show n in Fig. 2. The peak amplitude of the FP2 population
spike was chosen for quantitative anal)sis because its amplitude ----------
was larger than that of the FPI spike and it "as last to be com-
pletel), blocked. The time to maximum depression of the FP2
population spike was concentration dependent, being longest at
the lowest concentrations- [he l(o for steadN-state depression

,,as 37.5 nM with a Hill coefficient of 2.8.

(ontro.t rBet'tien hIe' oni Orthodrom ailld.4itidrom( C: to0 nM Pt t 3 [5 mrin) 100 nm POT x-3 (5 m in)

Responseis

Effects of Pb x-3 on responses to orthodromic and anti-
dromic stimulation were distinctls different. Orthodromic re-
sponses were always depressed before antidromic responses at
equal PbTx-3 concentrations (Figs. 3 and 4). The orthodromic
response became fulls depressed with continued exposure to
IX) nM Pbix-3 (Fig. 3( and E). although the antidromic re-
sponse was unaflected (Fig. 3D and F). The toxin exposure was
continued up to I h in this slice. \et the antidromic response E too nm PtT-3 (14 mini F t00 nM PbTx-3 (t4 m.nI
remained at the control amplitude. The orthodromic response

was again the first to be depressed b\ exposure to higher con-
centrations (> I iX) n M) of Pbrx-3 (Fig. 4). After a short exposure
to 300 nM PbTx-3 when the orthodromic response was fulls,
suppressed (Fig 40'. the antidromic response was still 40`ý of
control (Fig. 4[)). Eventually both responses were eompletel. I MV

blocked (Fig. 4E and F). 50 Ms
The time course of depression of'electricall. evoked responses

is showA n in Fig. 5. When a slice was exposed to 300 nM PbTx- (iG. 3. Low concentrations of Pb Ix-3 caused depression oforthodrom-

3. depression of both orthodromic and antidromic responses wcall\ esoked responses, although antidromic responses were not depressed

began almost immediately. However. the orthodromic response in a typical expenment. Similar results were obtained with 20 additional
slices. Orthodromic responses are shown on the left and antidromic on

was completel suppressed within 12 min. whereas complete the right for each time point after toxin application. •A) Control ortho-
block of the antidromic response required PbTx-3 exposure for dromic response in normal ACSF. I B) Antidromic control. (C) A 5-mm
45 min. Exposure of a different slice to I(0) nM toxin led to exposure to Il00 nM Pbsx-3 caused more than 50W depression of the
complete blockade of the orthodromic response within 35 min. ornhodromic response. (D) The antidromic response "as unatlected at

5 min. iF) After a 14-mmn exposure to toxin. the orthodromic response
was completel] blocked. (-) At 14 min the antidromic response was still
not depressed.

,, :100
U')

41 TThe antidromic response. however, was never depressed more

*t than 20'1 . despite continued toxin exposure for I0 min after the
cr) 75 orthodromic response had disappeared. Depression of the or-

thodromic response by both 100 nM and 30) nM brevetoxinCD
n7_ followed a similar time course: the major difference was the
r more rapid onset with 3W() nM toxin. Antidromic responses inLU

r- 50 the presence of both IM() nM and 300 nM toxin typically declined
_.__1 more slowl. than the corresponding orthodromic responses. The
C antidromic response in the presence of IM() nM PbTx-3 remained
Ir stable after 25 min, whereas this response was progressively de-

Z 25 pressed to zero in 300 nM toxin.

(omparison of Effecrs of Phil\-3 with Other Treatments

C__ To assess how PbTx-3 exerts its effects, the actions of other
C? 0 ....... . .. .. . depolarizing agents on orthodromic and antidromic responses

were compared with those of PbTx-3. Bath application of
i0-9 10-8 i-0 106 NMDA. like PbTx-3. caused depression of the orthodromic re-

sponse before any significant change in the antidromic response
PbTx-3 CONCENTRATION M was observed (Fig. 6E and F). Exposure to NMDA for an ad-

FIG. 2. Steady-state depression of the orthodromicallv evoked FP2 pop- ditional 2 min in this experiment also depressed the antidromic
ulation spike by PbTx-3. The IC,0 was 37.5 nM and the Hill coefficient response by 901/r (not shown). However. NMDA, unlike PbTx-
was 2.8. Vertical bars represent SEM (n - 3-24 slices). 3. invariably caused hyperexcitability in the orthodromic re-

_ _ _ __-_li .. .0
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ORTHODROMIC ANTIDROMIC .•l~tlcpl•, h). nlugoo,"Atep" lltt.' e it/', ,tso PhI>.-3

High Ca2 ' ACSF was used in an attempt to enhance trans- 8)
C &ontrol B Control mitter release and thereby counteract the depressant effect of

PbTx-3 on the orthodromic response. Four mM Ca2' was not
effective in preventing the toxin's depression ofevoked responses.
The limit of solubility oflCa 2 ' in our bicarbonate-buffcijed ACSF
was 4 mM. In an attempt to further elevate Ca 2- concentration.
Iris or HEPES were substituted for bicarbonate while bubbling
the solution with pure 02. Evoked responses were depressed b,
both Tris- and HEPES-buffered solutions (data not shown).

Both 4-AP and TEA' were used in an attempt to block pre-
C 300 nM PbT•-3 013 min) D 300 nM PbTx-3 113 min) snaptic K' currents and therebv enhance transmitter release.
C114-AP (50 MM). 5 mM TEA'. and 5 mM TEA' in combination

with 4 mM Ca2 ' were ineffective in preventing depression of
I evoked responses bv PbTx-3 (data not shown). Both 4-AP and

TEA' caused the expected increase in excitability ofhippocampal
"CA I neurons.

DIS('t ISSION

There are several reasons for expecting brevetoxins to act on
the CNS. The specific site of brevetoxin action has been proposed

L 300 rM POTT-3 !45 min) F 300 nM PtiTx-3 (45 min) to be the it subunit of the voltage-sensitive sodium channel
(VSSC) of excitable cells (32). and all actions of the toxins have
been ascribed to Na' entr- through activated channels (29,36).

T I Furthermore. brevetoxins have high lipid solubility. enabling

ma them to penetrate the blood-brain barrier, and a number of
centrall\ mediated symptoms have been described (6).

Results of our experiments in hippocampal neurons correlate
s0 ms well with findings of other investigators on the peripheral actions

FIG 4. With higher concentrations of toxin and longer exposure. anti- of PbTx-3. Compound action potentials of phrenic nerves were
dromic responses were also depressed in a slice tipical of six tested, reduced by 30", in the presence of 50 nM PbTx-3 and completely
Orthodromic responses are on the left and antidromic on the right at blocked by 100 nM toxin: the reduction of the action potential
each time point. (.N) Control orthodromic response. (B) Antidromic con- amplitude paralleled the loss of the nerve-evoked twitch and of
trol response. (C) -he orthodromic response was completely blocked the EPP (11.26). These results are in agreement with our dem-
aftera 13-mim exposure to 300 nM PbTx-3. (D) At 13 mintheantidromic onstration that PbTx-3 concentrations up to 100 nM c.aused
response was partially depressed. (E) As expected, the orthodromic re- selective depression of orthodromically evoked responses. In
sponse was still blocked after a 45-min exposure to toxin. iF) At 45 rainthe antidromic response was also blockeda skeletal muscle, toxin concentrations _Ž500 nM were required

to block twitches elicited by direct muscle stimulation ( 11). In

the hippocampus, higher concentrations of toxin (up to 300 nM)

sponse prior to inhibition. In Fig. 6C. 12 pM NMDA caused
numerous afterdischarges in both FPI and FP2, and some re- 100 S .... 0
maining hyperexcitability could still be seen in Fig. 6E after the u -- -

population spikes had been completely blocked. These results z
were similar to those obtained in a previous study (4). This degree • 75
of excitability was not observed with any concentration of PbTx- LU
3 in our experiments.

Effects of high K' ACSF were similar, in that this treatment C) 50 A
also consistently caused hyperexcitability in the orthodromically •Cr\O A
evoked response (Fig. 7C). Both orthodromic and antidromic
responses were depressed after a 4-min exposure to 15 mM K' U.¢ 25
ACSF as shown in Fig. 7C and D. As with PbTx-3 and NMDA, u..
the orthodromic response was always depressed before the an- 6 ) --A,
tidromic. In Fig. 7C the orthodromic FP2 population spike was a o 0 ",tO__O--O--O-_ --_ _i--f,___,___,___._

fully suppressed, whereas the antidromic FP2 population spike
was depressed by only 40% (Fig. 7D). After an additional I -min 0 i0 20 30 40 50
exposure to 15 mM K' both orthodromic and antidromic re- EXPOSURE TIME (MIN)
sponses were completely blocked. The orthodromic responsewas also more completely inhibited in I0 mM K+ than was the FIG. 5. Time course of depression of responses to orthodromic and an-tidromic stimulation by two concentrations of PbTx-3. Exposure of aantidromic: however, neither response was completely blocked typical slice to 300 nM PbTx-3 caused depression of both orthodromic
at this K' concentration. The onset of both NMDA and high (0) and antidromic (A) responses. Exposure of a different slice to 100
K' effects occurred with much shorter latencies than did those nM toxin eventually caused complete depression of the orthodromic
of PbTx-3. (0). but not the antidromic (A•. response.

. .. A - ..... . ,
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ORTHODROMIC ANTIDROMIC K' ACSE. acts bv depolarizing hippocampal neurons. This in-
terpretation is supported bv the fact that the principal in vitro

A Contro I Control efict of hre~etoxins on peripheral nerves is depolarization of X

their membranes in a concentration-dependent manner
(6,29.30). It is possible that the toxin could enter the presvnaptic
nerve terminal. causing spontaneous release and depletion of
transmitter bv some mechanism other than membrane depo-
larization. However. in at least 5O", of slices, particularly at higher
toxin concentrations, there was no sign of the increased hyper-
excitability that might he expected to result from spontaneous
transmitter release. Based on the evidence we have. the most
parsimonious interpretation is depolarization of the presy naptic

C 12 ;#M NMOA 17 min) D 12 MM NMOA (7 min) elements.

The finding that PbTx-3 depresses orthodromic responses
earlier than antidromic responses is intriguing. In fact, at con-
centrations !5 100 nM, Pb]-x-3 blocked orthodromic responses
with little effect on antidromicallN evoked potentials. The ex-
planation may be antalogous to one proposed to account for the
loss of indirect twitch before direct twitch in skeletal muscle
(6.14). Brevetoxin's activation of VSSCs would depolarize nerve
terminals, decreasing the amplitude of the nerve terminal action

E 12;CM NMUA (9 Min) F 12 MM NMOA (g mini potential. Invasion of the action potential into the nerve terminal

ORTHODROMIC ANTIDROMIC

A control B Control

50 M5

FIG. 6. NMDA, like PbI x-3. caused depression of orthodromic responses
before antidromic responses in tso slices tested: data from one are shown
here. Orthodromic responses are on the left and antidromic on the right
at each time point. (A) Control orthodromic response. (B) Antidromic
control response. I(C) Exposure to 12 pM NMDA insariahls caused hs-
perexcitabilitN. with numerous epileptiform afterdischarges. before the
orthodromic responses were depressed. (D) After a 7-min exposure to
NMDA. antidromic responses revealed neither h.perescitahilit, nor C 15 mI K (4 min) 0 15 mM K (4 min)

depression. IE) A 9-min exposure to NMDA caused almost complete
depression of the orthodromicalls evoked response. with some instability
evident. (F) At 9 min the antidromic response sas still not depressed.
With further exposure to NMDA. this response was also depressed.

were needed to depress responses evoked by antidromic than by
orthodromic stimulation. We did not use toxin concentrations
as high as those reported to be necessary to decrease fast calcium E t5 mM K (5 mini F 15 mM K (5 min)

currents in mouse motor nerve terminals (>550 nM) (33). The
long wash times required for recovery of responses in hippo_

campal slices are consistent with the high lipid solubility of the - - V

toxin and are also characteristic of peripheral actions of PbTx-
3 (21). 1 MV

Effects of PbTx-3 on CA I pyramidal neurons in hippocampal
slices are similar in some ways to those of NMDA and high K* 50 Ms

ACSF. NMDA is an excitatory amino acid, which at low con- FIG. 7. High K' ACSF caused hyperexcitability and then depression of
centrations and short exposure times causes small depolarizations orthodromic responses in an experiment typical of four slices tested.
of hippocampal neurons and prominent afterdischarges in or- Antidromic responses were also depressed, usually after the orthodromic.
thodromically evoked responses. Higher NMDA concentrations Orthodromic responses are displayed on the left and antidromic on the
and longer exposure times result in more extensive depolarization right at each time point. (A) Orthodromic response in normal ACSF.

of neurons and block of evoked responses, as shown here and (B) Control antidromic response. (C) After a 4-min exposure to 15 mM

previously (18.19). High K' ACSF depolarizes large pyramidal K', the orthodromic response displayed hyperexcitability. with epilep-
tiform afterdischarges present. The FP2 population spike was suppressed

neurons as predicted by the Goldman equation (24). with ac- by the afterdiseharges following FPI. (D) At this time the antidromic
companying hyperexcitability. We report here that PbTx-3, response was depressed by 40-. (E) One minute later, only small unitary
NMDA and high-K' ACSF all depressed orthodromic responses activity remained of the orthodromic response. (F) The antidromic re-
earlier and more completely than antidromic responses. It. sponse was reduced more than in D above. With further exposure to
therefore, seems probable that PbTx-3, like NMDA and high high K'. this response was also completely blocked.

S.. .. . .I . . .. .. . . I . .. .. .. . .. .. .. . . .. . . .. .. .. a . .. . . . -.. ... ... • ... . . a. ,
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%%ould be impeded bys depolari/ation tit the press napuic mern- neurons 3 4). In this respect. 4--AP mas be similar to I I \ a
brane. and neurotransmnitter release would then be inhibited. I hesc side ctlccts wsould thus present the treatments, from re-
Some insesttgators, ( 12.1i)f hase proposed that neuronal depo- \crsing the actions oi' Phi \ -i. I urthermore. if fuilure of ortho-
larization mav cause press naptic fiber branch point block, due dromic transmission tin bresetoxin is all or none at indis dual
to the losser Safets factor at branch points. A modest depolar- presmnaptic terminals,, then measures intended to hoost trans-
,iztion-induced block oif VSS('s might. therefore. inhihit prop- wission initiated b\ wseak presxnaptic spikes ssould have little
agation oit impulses to nerse terminals and depress transmitter etkect on the integrated field potentials. I herefore, other ap-
release. leating conduction intact in the axon near the cell bod, . proaches may hase to be explored fosr potential treatment sit
[Further tuxn action on additional VSS('s could subsequently bresetoxin poisornngý
block antidroiiiic transmission in addition to orthodromic. [his is the first rep-in of the direct application of bresetoxin

[ he paucit% ofepileptilhirm ictisity obsersed in hippocampal to central nersous tissue and its effe~cts on cellular function. T he
sliceswsas someswhat unexpected in light ol'the seizuresand neu- actions and potenc, of' Pb I x-S 3were similar to those reported
rological signs seen in % io. IThe frequent repetitise stimulation, for the phrenic nerse-diaphragmi preparation fI I I ).In s iso. (NS
used in the present study w&ould be expected to present spon- effects persisted alter aint ibre% etoxi n antibody reliesed peripheral
taneous ictal-like discharges (2). perhaps due to strong sxnaptic sy mptomns of intoxication (311). This indicates that the concen-
inhibition present in the hippocampus (I ), so the lack of spon- trations of' bresetox\in Used in our experinments in \itro wsere
taneousdischarges was not surprising. Howeser. Pb~x-3 did not similar to those used in the work cited abose. I he increase in
cause the incidence or degree ofepileptiform actisitN seen in the excitabilits induced bs PbTx-3 in the hippocampal slice is not
presence of either NMDA or high K' ACSF. NMDA is a purelx as great as expected fromt the ('NS sx mptoms and seizures re-
ecxitatory amino acid, so its application would be expected to ported from bresetoxin intoxication, and from the fatct that the
cause onlx excitation ofCAlI py ramidal cells. Like high K'* so- toxins cause actisation iof VSS~s. Ilosseer. PbI x-3 did cause
lutions. PbI~x-3 increases spontaneous MEIPP frequency in profound depression ofe soked responses in ('AlI hippocampal
muscle (.1 11.14,28,3si and releases both excitator\ and inhib- psramislal cells at nanomolar concentrations. suggesting that
itors iicu,.rotransmitters fromn rat cerebral cortical sxnaptosomes this action may be a major component of ssstemic bresetoxin
(2-3), B~ih agents might be expected to hase similar effects in poisoning.
hippocampal slices. yet on]\ high K' solutions consistently
caused marked epileptitiorm actisits. ski5 xttNt

None of the attempted treatments for resersal ofbresetoxin's
actions wsere effectise. Some explanations for these findings can We thank John Scherer and Alison Sic of t)AKKR() Corp. and Ken
be suggested. Elesation of ('a'' to 4.8 mnM has been show n to (Gall of this institute fuor escellent technical assistance and Richard Sssee-

reduce puipulation spike amplitude (212), '[he reason max be that ncý of' DAKKRO C orp. for creation and mod~ification of the plotting
bindng f gltamte.the ajo exitatrs min aci inthe program.
binin o gutmae.th mjo eciatrNamnoacd n he Research \&as conducted in compliance with the A\nimal WiSelfare Act *

hippocampus. ito its postsx naptic receptor is depressed at (Ca:' and other Federal statutes and regulations relating to animals and cs-
concentrations abose _2.5 mM 1221. 'lEA' has recently been periments insolsing animals and adheres to pninciples stated in the
demonstrated to decrease N.MDA receptor channel conductance 'Guide tor the ('are and Use of Laborators Arnimals." NIH Publication
and frequency of channel openings in cultured mammalian 85-23. 198i.
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